Objectives: to evaluate and compare the operator dependency of duplex ultrasound and digital subtraction arteriography (DSA) in patients suffering from chronic lower limb ischaemia. Design: prospective and blinded validation study. Material: twenty-six consecutive patients (13 male and 13 females) with severe claudication (n 6, 23%), rest pain (n 7, 27%) or tissue loss (n 13, 50%). Methods: two physicians independently performed a duplex scan of the lower limb from groin to foot (15 segments). Segments were classified as insignificantly (550% stenosis) or significantly (450% stenosis or occlusion) diseased. DSA was performed within 24 h of the duplex scanning and was independently reported by two radiologists in the same manner. Interobserver agreement was assessed for both diagnostic methods. After 10 months the arteriograms were reassessed and the intraobserver agreement calculated. Results: for the limb as a whole the interobserver agreement was good and similar for both duplex and DSA, with kappavalues of 0.79 (95%-CI: 0.72±0.86) and 0.80 (0.74±0.87). In the femoral, crural and pedal segments the interobserver agreement was similar for both methods. The intraobserver agreement between the two DSA readings was 0.84 (0.79±0.90). Conclusion: ultrasound is comparable to arteriography when visualising arterial occlusive disease in patients with chronic lower limb ischaemia.
Introduction
Exact visualisation of the arteries and the extent of the arteriosclerotic disease is essential before peripheral arterial reconstruction. Although, duplex scanning is increasingly used, DSA remains the routine modality for lower limb imaging in most centres. DSA is invasive and carries a small risk of major complications of approximately 2%. 1 Therefore, replacing DSA with a non-invasive alternative may reduce patient discomfort and save costs. 2, 3 Over the last decade, several reports have found the diagnostic value of duplex in peripheral arterial disease to be comparable to DSA and distal arterial reconstruction has been successfully performed on the basis of duplex alone. 4±6 However, ultrasound is often considered to be highly operator-dependent alone and to be associated with poor reproducibility. In fact interobserver studies are few, and none have evaluated the entire vascular tree or compared ultrasound and arteriography. 7±10 The aim of the present study was to prospectively assess and compare the operator-dependency of duplex and DSA in patients with chronic lower limb ischaemia.
Methods

Patients
During a 2-month period, 26 lower limbs of 26 consecutive patients were enrolled in the study. All were suffering from chronic lower limb ischaemia (SVS-ISCVS category 3±5), 11 with a majority (77%) presenting with critical limb ischaemia ( Table 1) . All patients were candidates for elective surgery and scheduled as inpatients for a routine DSA. Patients having previous infrainguinal bypass surgery were excluded.
Study design
One day before DSA of the most symptomatic limb, two physicians, experienced in vascular ultrasound, performed the ultrasound examinations of the symptomatic limb in a blinded manner.
All DSA was performed by the same experienced radiologist, who was unaware of the duplex results. The arteriograms were reviewed after 10 months in order to obtain the intraobserver variation. In addition, a second experienced radiologist independently reviewed all arteriograms in order to assess the interobserver variation. The local ethical committee approved the study (KF 01-197/99) and informed consent was obtained.
Duplex ultrasound scanning
All patients were scanned from the common femoral artery to the pedal arteries using a colour duplexultrasound system (Siemens, Elegra) and a 7.5 MHz linear array transducer. All patients rested for 15 min before the examinations. The femoral and crural arteries were scanned with the patient in the supine position and the popliteal artery with the patient resting on the side. Velocity measurements were made in areas where the colour-image suggested velocity increase or turbulence or when the B-mode image suggested diameter changes. All velocities were obtained from the centre-stream of the vessels with angles of insonation between 0 and 60 . To allow segment-to-segment comparison, the arterial tree was divided into 15 segments ( Fig. 1 ). Table 3 and in the text.
Arterial segments were identified by detection of a colour signal or by identification of a vessel wall when the artery was occluded. If detection of a colour signal or a vessel wall was impossible due to inadequate insonation, the segments were classified as non-diagnostic. All diagnostic segments were classified as either significantly (diameter reduction ! 50% and occlusions) or non-significantly diseased (diameter reduction 5 50%). In order to separate significant from non-significant stenosis, a peak-systolic velocity ratio 4 2 was used (the peak systolic velocity across the stenosis divided by the peak systolic velocity just proximal to the stenosis). 12, 13 The mean examination time was approximately 45 min.
Digital subtraction arteriography
The aortic bifurcation to the pedal arteries was visualised using one of the two standard angiosuites (Integris 3000, Phillips, Best, The Netherlands or Angiostar Plus, Siemens, Forchheim, Germany). Omnipaque 300 mg I/ml (Nycomed, Oslo, Norway) was used as contrast agent. Ipsilateral puncture of the common femoral artery was performed. After demonstration of the iliac arteries the 5F catheter was withdrawn to external iliac artery in order to visualise the vessels of the leg and foot in patients with unilateral PAD. In the case of bilateral PAD a standard bolus chase DSA was performed. If the infrapopliteal vessels including the pedal arteries were insufficiently visualised, selective series were performed. All lesions were classified as described for the ultrasound technique. Segments were classified as non-diagnostic if no genuine or unnamed collateral vessels could be visualised due to inadequate contrast concentration. One DSA-film was lost before the first description leaving only 25 patients for calculation of DSA agreement.
Data analysis and statistics
Results obtained by ultrasound and DSA was recorded in similar diagrams (Fig. 1 ). The two methods were compared using the kappa (k) statistics to analyse the agreement beyond chance and a z-test to test the difference between the agreements. A k-value of 1 represents perfect agreement and a k-value of 0 represents agreement by purely chance ( Table 2 ). 14 If a segment was classified as non-diagnostic in one or both methods the segment was left out from the k-calculations. As the calculation of k requires an equal number of categories for both observers, one k-value could not be calculated ( Table 3 ). Sensitivity and specificity were calculated by a two-way contingency table. When appropriate, the 1 2 -test or Fisher's exact test was used for comparison of categorical data, and the two-sample t-test for continuous data. All results were presented with 95% confidence interval in brackets and a p-value 5 0.05 was considered significant. 15 
Reference population
The current study-population of 26 patients was compared to a reference-population of 94 consecutive patients. These patients were scheduled for a routine DSA due to severe lower limb ischaemia (Table 1) and participated in a former published prospective study. 16 The inclusion and exclusion criteria for both populations were identical.
Results
Study population
The study population was similar to the reference population with respect to age, sex, risk factors and the distribution in the SVS-ISCV categories ( Table 1) .
Interobserver agreement
The overall interobserver agreement was similar for both diagnostic methods, with a kappa-value of 0.79 (0.72±0.86) and 0.80 (0.74±0.87) for ultrasound and DSA, respectively (Figs 2 and 3 , Table 3 ). Also, in the isolated supragenicular, infragenicular and pedal segments the interobserver agreement was similar, representing very good or good agreement (Figs 2 and 4) .
Sixteen (4%) segments were found to be nondiagnostic on DSA, compared to 4 (1%) with duplex. Thirteen of the 16 segments were found to be normal on duplex, 2 to be significantly stenosed and 1 to be non-diagnostic. In comparison, of the 4 segments found to be non-diagnostic on duplex, only 1 was normal on DSA. The other 3 were either stenosed (n 2) or non-diagnostic (n 1). For both methods, all non-diagnostic segments were found distal to the trifurcation. No connection between risk factors (e.g. diabetes, hyperlipidaemia etc.) and the proportion of non-diagnostic scannings was established.
Arteriography intraobserver variation
The intraobserver agreement was very good for the entire vascular tree (k 0.84 (0.78±0.90) ( Fig. 3 and Table 3 ). In the isolated supragenicular, infragenicular and pedal segments the agreement was 0.91, 0.80 and 0.84, respectively (Table 3) . 
Ultrasound vs arteriography
Comparing duplex with DSA values of sensitivity and specificity were calculated to 0.89 (0.85±0.93) and 0.79 (0.71±0.86), respectively. The overall agreement was good with kappa-values of 0.68 (0.59±0.76) using DSA as the gold standard ( Fig. 3) . Agreements in the isolated suprapopliteal and infrapopliteal segments were good (k 0.78 and k 0.67) while only moderate in the pedal segments (k 0.54) ( Fig. 4 ).
Discussion
The present study does not support the commonly held belief that duplex imaging of lower limb PAD is subjective and poorly reproducible. We found that duplex of infra-inguinal arterial disease was highly reproducible, having an overall interobserver variation similar to that of DSA (duplex: k 0.79, DSA: k 0.80). Additionally, we have demonstrated that the reproducibility was similar regardless of the anatomical site (i.e. arteries above or below the knee).
The reported ultrasound interobserver agreement in the isolated supragenicular and infragenicular segments was very good (k 0.84 and k 0.79) and comparable to previously published results. Ubbink et al. found a high interobserver agreement (k 0.73) in the isolated supragenicular segment 9 as Koelemay et al. found in the infragenicular segment (k 0.66). 7 Duplex of the tibioperoneal trunk and the peroneal artery have previously been reported difficult to image due to the size and the deep course of the vessels. 5, 17 In contrast, we found a considerable operator dependency (k 5 0.6; yellow/red in Figure 4 ) only on DSA and not on ultrasound. The only infrapopliteal segment with a considerable operator dependency on duplex was actually the common plantar artery (k 0.56) where we, in agreement with Koelemay et al. found only a moderate agreement. 7 Surprisingly, and for unknown reasons, duplex of the deep femoral artery was confounded by a considerable operator dependency and poor agreement with DSA. In the literature, no available interobserver data could confirm this. Additionally, the common femoral artery had a surprisingly low k-value and wide confidence interval although the artery is easily accessible to image. In 5 cases, both duplex examinations found a plaque in the common femoral artery that was considered insignificant on the first examination but significant on the second.
The DSA interobserver variation in the infragenicular popliteal artery, the tibio-peroneal trunk and the proximal peroneal artery were identified as`h ot zones'' with a considerable interobserver variation. The other tibial segments (the anterior and posterior tibial artery and the distal peroneal artery) had a low interobserver variation. This is comparable with a previously study by Koelemay et al., demonstrating moderate interobserver variation in all tree tibial arteries (k 0.47±0.54).
Although evaluation of the accuracy of duplex compared with DSA was not the object in this study, the overall ultrasound-DSA agreement was good (k 0.68). In the foot, however, the agreement between DSA and ultrasound was only moderate (k 0.42), although the ultrasound interobservervariation was good (k 0.61). This condition can be explained by the high proportion of pedal arteries found to be normal on ultrasound (both examinations) but severely diseased or occluded on DSA (n 7, 17%). A high proportion of patent run-off vessels being invisible on DSA is a phenomenon previously described when compared to magnetic resonance arteriography. 19 It is well known, when visualising vessels distal to multiple occlusive lesions, that the resulting low-contrast concentration can make patent vessels look occluded on DSA. Thus, DSA should be questioned as the gold standard when visualising vessels below the knee, especially in patients with severe occlusive disease. In these cases, duplex could serve as a valuable alternative or supplement to DSA, having the possibility to increase the limb salvage rate.
We found the study-and reference-population similarly constituted, indicating that the reported results can be applied more widely and probably to most vascular clinics with some experience in vascular ultrasound. The reference-population was the most recently published national survey of consecutive patients scheduled for DSA and represents the usual clientele of PAD patients in our department.
The ultrasound intraobserver variation is not available, although this information would have been interesting. However, to obtain this information a sufficient time period has to elapse between the two examinations to assume that assessment was done independently ± and delaying arterial reconstruction for several months is unethical.
The reported inter-and intra-variability of DSA are probably underestimated, since comparison only involved interpretation of the arteriogram. Ideally, a new procedure should have been performed, but was found unethical having the invasive nature of DSA in mind.
A PSV-ratio of 2 was used to define a significant stenosis. For crural arteries this cut-off value has so far not been established. At least theoretically this could cause discrepancies with the DSA results.
The angle of insonation influences the velocity value measured. If the two duplex investigators used somewhat different angles in the same segment, this could theoretically influence the interobserver variation. However, because the angel of insonation was kept between 0 and 60 , the impact of small differences in the angle-settings became negligible.
When processing the kappa statistics, all nondiagnostic segments were left out from the calculations. This situation is parallel to the clinical decision-making where a non-diagnostic segment on e.g. DSA will be ignored or redone, if necessary by MR or duplex, before final treatment is planned.
All kappa-values are presented with confidence intervals, indicating the uncertainty in the estimation of kappa (if the interval is wide, the estimation of kappa is uncertain). However, when testing kappa values for differences using the z-test, the degree of uncertainty is taken into account.
In conclusion, duplex arterial scanning is as reproducible as DSA, establishing the method as a reliable and precise alternative to DSA. This supports the increasing use of duplex in the diagnostic work-up of patients with PAD, thus reducing patient discomfort and procedure-related complications.
